Introduction {#sec1-1}
============

Critically ill patients often require renal replacement therapy (RRT) for severe electrolyte derangements, acidemia, uremia, and volume overload. Urgent or emergent vascular access for RRT demands the placement of temporary dual lumen hemodialysis catheters in large central veins. The cannulation of the internal jugular vein (IJV) for vascular access was originally described by English *et al*. in 1969 as safer than femoral, subclavian, or antecubital veins.\[[@ref1]\] Carotid artery puncture, which can be fatal, had an incidence rate of about 4--6% prior to the introduction of ultrasound guidance.\[[@ref2]\] The subsequent introduction of real-time ultrasound guidance to further enhance the safety of this procedure followed later.\[[@ref3][@ref4][@ref5][@ref6]\] Ultrasound guidance has reduced the rate of procedure-related complications from 5.9% to as low as 0.8%.\[[@ref2][@ref7]\] Ultrasound-guided placement of central venous catheters (CVC) is now the standard of practice in contemporary nephrology care.\[[@ref4][@ref5][@ref6]\] Furthermore, continuous renal replacement therapy (CRRT) using a preexisting arteriovenous fistula or graft (AVF or AVG) increases the risks for access complications including needle dislodgement, bleeding, thrombosis, and long-term fistula, or graft complications stemming from continuous needle trauma.\[[@ref8]\] Hence in such settings, a new temporary HD catheter is usually deployed.\[[@ref8]\] We recently encountered a peculiar sequence of unexpected events after an ultrasound-guided placement of a dual lumen temporary HD catheter in the left IJV for urgent vascular access.

Case Report {#sec1-2}
===========

A 69-year-old black male patient had been on maintenance outpatient in-center hemodialysis for end-stage renal disease from hypertensive nephrosclerosis via a left upper extremity brachio-axillary polytetrafluoroethylene AV graft since May 2015. He was delisted from the kidney transplant list in the summer of 2018 due to worsening dyspnea. Evaluation of the dyspnea confirmed the presence of severe mitral valve incompetence with regurgitation, pulmonary hypertension with pulmonary artery pressures measured in excess of 50 mmHg, and mildly reduced right ventricular systolic function. He underwent open mitral valve replacement with implantation of a St. Jude Medical Epic bioprosthetic mitral valve. A right IJV triple-lumen CVC was placed in the operating room (OR) preoperatively for vascular access without any complications. Cardiopulmonary bypass included 76 min of pump time. He received 1 L of del Nido cardioplegia and 500 mL of Ringer\'s lactate with 0 mL of urine output in the OR. Intraoperative transesophageal echocardiography confirmed a normally situated and functioning mitral valve prosthesis without evidence of perivalvular leak or stenosis.

Postoperatively, he was transferred to the surgical intensive care unit (SICU) on vasopressor support with phenylephrine. Immediate postoperative laboratory indices were potassium 5.6 mEQ/L, CO~2~ 22 mEQ/L, chloride 103 mEQ/L, BUN 53 mg/dL, hemoglobin 9.0 g/dL, platelets 97,000/mL, and INR 1.1. After about 7 h, in the SICU, a follow-up potassium was severely elevated at 8.7 mEQ/L. He remained otherwise stable while still requiring vasopressor support. Nephrology follow-up recommended emergent CRRT for potentially life-threatening hyperkalemia. With a CVC already in the right IJV, the decision was made to place a temporary HD catheter in the left IJV for vascular access for CRRT.\[[@ref8]\] A 14-Fr 15-cm double-lumen catheter was placed in the left IJV under ultrasound guidance, secured at 13 cm at the surface of the skin. Blood return from the catheter lumen was observed to be bright red in color, with no observations documented regarding the pulsatile nature or otherwise of flow out of the access needle. A postplacement chest radiograph was interpreted as "concern for arterial placement" with the "tip positioned below the expected contour of the brachiocephalic \[vein\]" \[[Figure 1](#F1){ref-type="fig"}\]. A subsequent blood gas analysis on blood drawn from the newly placed left IJV catheter revealed a pH of 7.31, pCO~2~ of 40 mmHg, and pO~2~88 of mmHg. Given that this analysis appeared to represent arterial blood, a separate blood gas analysis was immediately completed on blood drawn from the patient\'s right radial artery. The right radial artery blood gas analysis showed a pH of 7.32, pCO~2~ of 40 mmHg, and pO~2~ of 92 mmHg. The near match of the two concurrently drawn blood gas analyses only further heightened the concern that the left-sided IJV catheter had indeed been inadvertently misplaced in the arterial system \[[Figure 2](#F2){ref-type="fig"}\]. This observation, taken together with the bright red color of the aspirated blood from the left IJV catheter and the concurrent reading of the postprocedure chest radiograph by radiology, triggered an urgent vascular surgery consultation. The left IJV catheter was left in place. Vascular surgery planned to discontinue the catheter in the OR the following morning. In the interim, CRRT was initiated via a newly placed left femoral vein dual lumen dialysis catheter.

![Chest radiographs showing the right internal jugular vein catheter placement in the OR (left) and the subsequent left internal jugular vein catheter placement postoperatively in the SICU (right)](IJN-30-29-g001){#F1}

![Concurrent left internal jugular venous blood gas analysis demonstrating a near-mirror image with a simultaneously drawn right radial arterial blood gas analysis](IJN-30-29-g002){#F2}

In the morning, just before OR time, a transducer was connected to the left IJV catheter and the pressure was 40 mmHg with a clearly venous waveform. At this point, the realization was made that the cacophony of missteps, misjudgments, and misinterpretations associated with the left IJV catheter placement would be explained by the contiguous presence of a functional left brachio-axillary AV graft. CRRT was subsequently continued via the left IJV catheter without any complications. The left femoral vein was soon discontinued.

Discussion {#sec1-3}
==========

To the best of our knowledge, this is the first reported case of the ultrasound-guided placement of a left IJV CVC on the same side as a native AVF/AVG leading to confusion for inadvertent arterial puncture.\[[@ref2][@ref7]\]

Several concomitant factors contributed to this unique sequence of observations reported here. The patient already had a CVC placed preoperatively in the right IJV, and given the rationale to avoid the use of the left upper extremity AV graft for CRRT, the placement of a left IJV HD catheter was therefore indicated.\[[@ref8]\] Furthermore, the left IJV catheter was only 15 cm in length, and therefore, the catheter tip terminated in the left brachiocephalic vein as it could not cross the midline to end in the area of the superior vena cava as would typically be expected \[[Figure 1](#F1){ref-type="fig"}\]. This must have precipitated the radiology misinterpretation of an arterial misplacement. Besides, the visualization of bright red blood return during catheter placement only further validated the fear of an arterial misplacement of the catheter. Moreover, the near match of the left IJV blood gas analysis and the simultaneously drawn right radial artery blood gas analysis corroborated the fear of arterial catheter misplacement \[[Figure 2](#F2){ref-type="fig"}\]. This phenomenon of matching venous and arterial blood gas analyses, we now in retrospect surmise, was due to the combination of the presence of a functional left upper extremity brachio-axillary AVG on the ipsilateral side of the left IJV catheter, leading to blood flow through the venous system with an "arterial" fingerprint, together with the relatively short length of the left IJV catheter.\[[@ref7][@ref9]\] Ultimately, the utilization of a pressure transducer confirmed the proper placement of the catheter in the venous system, itself a reliable and easy method to troubleshoot a possible inadvertent arterial stick. This pressure transducer maneuver actually spared the patient an unnecessary trip back to the OR with vascular surgery for an arterial catheter extraction. We herein posit that one other theoretical ploy to further troubleshoot and clarify venous catheter placement in such a scenario in the future is as follows: measure a baseline blood gas analysis from the left IJV catheter, then compress the feeding AVF/AVG for about 30 s, and then repeat a postcompression blood gas analysis from the left IJV catheter. We hypothesize that the postcompression blood gas analysis data would be more representative of only venous blood flow after the AV shunt had been temporarily shut down and therefore show a venous "footprint," no pawn intended.

This case illustrates a rare complication of temporary HD catheter placement that occurred in the context of the concurrent placement of a CVC on the ipsilateral side of a functional brachio-axillary AV graft. Finally, it is important to recognize that a blood gas analysis from a sample obtained from such a catheter may be skewed due to the presence of arterial blood mixture through the arteriovenous shunt.

Arguably, a right IJV triple lumen dialysis catheter could have been easily exchanged over a guidewire to have a triple-lumen nontunneled dialysis catheter. However, our experience has been that such triple lumen nontunneled dialysis catheters are not as functionally reliable as regular dual-lumen dialysis catheters, and there are some concerns about increased infections with their use.\[[@ref10][@ref11]\] Nontunneled dialysis catheters come in lengths ranging from 9 to 30 cm. Arguably, if a \>20-cm catheter was used on the left IJV in our patient, many of the missteps, misjudgments, and misinterpretations would have been avoided. There is in fact evidence in the literature that the use of the left IJV for CVC placement can cause difficulties during insertion and has a higher incidence of catheter dysfunction, particularly with nontunneled catheters.\[[@ref12]\]

In retrospect, all the tests described should have been done when the confusion was discovered rather than calling vascular surgery. This is a bedside learning point.

To our knowledge, this is the first such report of a pseudo-arterial placement of a CVC in a large central vein.
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